Introduction
Malaysia, as the second largest palm oil producing country in the world, is also responsible for generating a large amount of palm oil wastes [1] . Oil palm shell (OPS) and palm oil fuel ash (POFA) is among the by-product of palm oil mill which dumped at landfill. Previous researcher Teo et al [2] reported that the annual production of OPS in this country is over 4 million tonnes per year. Approximately 3 million tonnes of POFA was generated locally in year 2011 [3] . Continuous dumping of these waste materials would lead to serious environmental pollution in one day causing negative impact to healthy life of future generation. Therefore, using these materials in the production of green building material is seen one of the way to solve this problem. This approach also would prevent the depletion of natural resources and maintain the ecological balance [1] .
So far, oil palm shell has been used as coarse aggregate to produce lightweight aggregate concrete of various grades. OPS lightweight aggregate concrete which has been innovated by Mannan and Ganapathy [4] is then further improvised to be high strength type by Shafigh et al [5] . Efforts to produce greener building material has driven researchers to incorporate industrial by-product namely fly ash [6] , ground granulated blast furnace slag [7] and ground palm oil fuel ash [8] as a mineral admixture making this lightweight aggregate concrete more environmentally concrete. Looking at the potential of POFA in production of other types of concrete, this by-product has been integrated as partial cement replacement to enhance the strength and acid resistance of normal concrete [9] , high strength concrete [10] and aerated concrete [11] . However, durability performance of oil palm shell lightweight aggregate concrete produced by integrating POFA upon acid attack remains to be investigated.
Thus, this research work focuses on determining the effect of POFA content towards acid resistance of oil palm shell lightweight aggregate concrete when this solid waste is used as a partial cement replacement. Discussion focuses on the influence of POFA to the compressive strength performance of oil palm shell lightweight aggregate concrete before discussing its effect towards acid resistance of the concrete.
Experimental Programme
Materials. Ordinary Portland cement, tap water, fine aggregate, oil palm shell (OPS) and palm oil fuel ash (POFA) were used to produce specimens for this research. Ordinary Portland cement is from a single source that fulfills specification in ASTM C150 [12] . OPS and POFA were collected from a local palm oil mill in state of Pahang, West Malaysia. Oil palm shell (OPS) is processed to remove foreign particles such as dried fibres. The raw palm oil fuel ash (POFA) was ground to be fine fulfilling the requirement in ASTM C618-05 [13] enabling it to be used as a partial cement replacement material. Fig. 1 and 2 illustrates the large unground POFA in spherical form compared to tiny and angular shape of the finely ground ash which is ready to be used. Table 1 shows the chemical composition of OPC and POFA used in this experimental work. Specimen Preparation and Testings. Plain oil palm shell lightweight aggregate concrete consisting 100% ordinary Portland cement is used as control specimen. The second mix is oil palm shell lightweight aggregate concrete containing various percentage of POFA acting as a partial cement replacement. The total cementitious material content has been kept constant in all the mixes except for the variation in the percentage of palm oil fuel ash. The concrete mixes were prepared in form of cubes (100x100x100 mm) and then covered with wet gunny sack for 24 hours before demoulded. All specimens were placed in water curing until the testing date. Table 2 presents the mix proportion used to produce 1m 3 of oil palm shell lightweight aggregate concrete (OPS LWAC). The compressive strength test was conducted at 28 days following the procedure in BS EN 12390-3 [14] . Specimens to be used for acid resistance test were water cured for 28 days prior to Applied Mechanics and Materials Vols. 754-755exposing them to acidic environment. The durability of concrete towards acid attack was investigated by immersing cubes into 5% of hydrochloric acid solution for 1800 hours similar to experimental approaches conducted by Awal [15] . The pH of the solution was controlled to about 2 throughout the immersion period. The durability performance of plain and POFA concrete mixes were determined by measuring the total mass loss. 
Results and Discussion
Compressive Strength. Fig. 3 displays the compressive strength of OPS lightweight aggregate concrete that has been produced using various percentage of POFA as partial cement replacement. It can be seen that addition of ash tends to influence the strength exhibited by the concrete material. The achievement of highest strength gain for OPS lightweight aggregate concrete integrating POFA as partial cement substitute is possible only when right amount of this pozzolanic material is added. Integration of 20% POFA assist towards achievement of the highest compressive strength in comparison to other mixes. Use of 20% successfully produces an exclusive combination of blended cement creating a win-win situation between the two materials that generates largest amount of calcium silicate hydrate gel that refines the voids and improves the interfacial zone between aggregates and cement paste creating a denser internal structure in concrete finally producing an end product having superior properties other mixes.
Excessive use of POFA as partial cement replacement which is 40% and 50% reduces the concrete strength. Significant reduction in Calcium oxide content is responsible for lowering the concrete early strength development and also producing lesser amount of Calcium hydroxide which is insufficient for the complete pozzolanic reaction. Beginning with lesser hydration process and then lower pozzolanic reaction, lower total amount of calcium silicate hydrate gel is generated which makes the concrete strength to be inferior to plain one. Similar trend has been reported by Masazza [16] when excessive pozzolanic material is used as partial cement replacement. However, since the minimum requirement for lightweight concrete to be used for structural application is 17 MPa [17] , OPS lightweight aggregate concrete containing POFA as partial cement replacement up to 50% is still suitable to be used as a structural concrete. Fig. 3 . Effect of palm oil fuel ash towards compressive strength of OPS lightweight aggregate concrete at 28 days
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Advanced Materials Engineering and Technology III Acid Resistance. Mass loss which is among the indication of acid attack in concrete [18] , is observed for all specimens as presented in Fig. 4 . Evidently, specimen produced using POFA up to 20% exhibits lower total mass loss compared with the plain concrete. Addition of POFA reduces amount of cement containing higher content of Calcium Oxide that is used in hydration process to produce Calcium Hydroxide which is susceptible to acid attack. On top of that, presence of POFA causes pozzolanic reaction to occur which consume Ca(OH) 2 to form secondary C-S-H gel that fills in the existing voids making the concrete denser thus improving the durability of concrete towards acid attack. Inclusion of POFA successfully decreases quantity of Ca(OH) 2 in this blended cement OPS lightweight aggregate concrete mix compared to plain specimen. It is interesting to note that, specimens formed using 20% POFA which is optimum replacement outshines the rest of the specimens by experiencing the lowest total mass thus indicating its superior durability towards acid attack.
Care need to be taken, not to use excessive amount of POFA of 30% and 40% due to its adverse effect to the resistance of concrete to acid attack. When the amount of POFA used is higher, the amount of cement in the mixer is lower which directly lead to lower amount of CaO that is essential for hydration process to take place. Lower hydration process causes lesser formation of Ca(OH) 2 which obstruct pozzolanic reaction to take place completely. The pozzolanic reaction would be limited and C-S-H gel would be formed in reduced amount as the quantity of Ca(OH) 2 become lower. As a result, the internal structure of concrete is less dense causing the strength to be lower and this cause negative effect to its durability. Concrete with larger amount of POFA is more severely affected since the acid attacks the hydrated lime producing larger amount of calcium salt which dissolved in water. This breaks the binding between aggregate leading to detachment of the particle which results in larger mass loss which proceeds to strength loss that would affect the concrete serviceability. 
Conclusion
Conclusively, incorporation of POFA up to 20% produces concrete having better compressive strength and durability towards acid attack as compared with plain concrete specimen. Use of 30% and 40% of POFA is not recommended since it is significantly lowers the resistance of concrete to acid. Incorporation of POFA in production of OPS lightweight aggregate concrete is expected to assist the palm oil industry to convert the waste to wealth and most importantly to contribute towards cleaner environment.
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